Background. Many epidemiological studies have shown a J-or U-shaped association between alcohol consumption and total mortality. It has been argued that the higher mortality among abstainers than among moderate drinkers might result from misreporting of alcohol consumption, confounding or inclusion of a high proportion of ex-drinkers or individuals with pre-existing diseases among abstainers. Methods. These concerns were addressed in a cohort study among 8043 construction workers aged 25-64 years who underwent occupational health examinations at six centres in South West Germany during 1986 to 1988. Abstainers were compared with alcohol users with respect to biological markers of alcohol consumption, prevalence of pre-existing diseases and other covariates. Study participants were followed for all-cause mortality until 1994.
Epidemiological studies have repeatedly reported a U-or J-shaped relation between alcohol consumption and both cardiovascular and all-cause mortality (see references I and 2 for recent reviews of the extensive literature). A variety of mechanisms have been discussed that might explain the lower mortality among light or moderate drinkers compared to both heavy drinkers and teetotallers.
Increased high density lipoprotein (HDL) concentration. reduction in plasma fibrinogen and decreased platelet aggregation are discussed as beneficial effects of moderate alcohol consumption on mortality from cardiovascular diseases.f" In contrast to these beneficial effects. it is well known that heavy alcohol consumption is positively correlated with the occurrence of hypertension. stroke. cardiomyopathies, arrhythmias, cancer of the digestive tract. pancreatic disorders, liver cirrhosis and fatal injuries.I" A major concern of most pertinent epidemiological studies is the validity of the measures of alcohol consumption, which are typically based on self reports. Underreporting has been suspected in many instances, particularly among heavy drinkers.
I D- 13 Another concern is confounding since abstainers tend to differ from drinkers in a variety of other potential risk factors. Furthermore, some people abstain from drinking for health reasons. In particular, abstainers may include former heavy drinkers who may have abandoned drinking for health reasons including liver damage. It has therefore been argued that the higher mortality among abstainers than among moderate drinkers might result from misreporting of alcohol consumption, confounding or inclusion of people with pre-existing serious diseases in the category of non-drinkers, and that nondrinkers should not be used as a baseline against which to measure the effects of alcohol consumption.l'r''P While the relation between alcohol consumption and mortality has been assessed in a large variety of cultures, no longitudinal study on this topic has been reported from Germany, which is one of the countries with the highest per capita alcohol consumption in the world. In contrast to other countries with high levels of per capita consumption, such as France or Italy, beer is the main source of alcohol in Germany. 16 In this paper, we present analyses on the relation between self-reported alcohol consumption and all-cause mortality in a cohort of construction workers from Southern Germany in which the methodological concerns outlined above were addressed in detail.
SUBJECTS AND METHODS

Design and Study Population
In the German construction industry, all employees are periodically invited to voluntary occupational health examinations by the medical health service of the Workmen's Compensation Board. A cohort study was conducted among construction workers who underwent occupational health examinations in six occupational health centres of the Workmen's Compensation Board for construction workers in Wurttemberg (in the South of Germany) between August 1986 and December 1988. In the period of investigation, about 78% of the invited employees participated in the examinations.
The present study includes employees aged 25-64 and belonging to one of the following occupational groups at the time of the baseline examination: plumbers, carpenters, painters or varnishers, plasterers, brick-layers, unskilled workers, and a group of white collar employees, consisting of office employees, engineers and architects. Overall, 8043 men met the inclusion criteria for this analysis.
Baseline Examination
The baseline examination consisted of an employment and medical history, a physical exam, pulmonary function test, test of visual acuity, audiometry and blood and serum analysis. In addition, an electrocardiogram or chest X-ray was done if necessary. The exam and the interview, which included alcohol consumption and smoking status, was conducted by occupational physicians according to a standardized protocol. Average daily amount of ethanol intake was calculated from frequency, type of beverage and amount of alcohol consumption assuming that 1 litre of beer (which typically contains between 50 and 70 ml ethanol in Southern Germany), one half litre of wine, or one litre of cider correspond to 50 g of ethanol, and that alcohol content of one unit of liquor (0.021) is approximately 8 g ethanol.
The blood and serum analyses included, among others, the following measures (taken at 25°C) which are frequently used as biological markers of alcohol consumption'Y" serum gammaglutamyl-transferase (GGT), aspartate aminotransferase (AST), alanine aminotransferase (ALT), uric acid, and mean corpuscular volume (MCV) .
At the end of the comprehensive occupational health examinations, physicians listed eventual diagnoses of prevalent diseases (several nominations were possible) which were coded according to ICD-9 by a trained medical registrar.
Follow-Up
Active follow-up was carried out between October 1992 and July 1994 to ascertain vital status. For all subjects, the starting time of the follow-up period was defined as the date of the health exam.
Statistical Methods
Alcohol consumption was categorized at 50 g per day and 100 g per day among drinkers. These cutpoints correspond to two and four customary units of alcohol consumption in Southern Germany (0.51 of beer or 0.251 of wine), respectively. A minority of study participants who reported occasional alcohol consumption without further quantitative information were included in the category of men consuming 1-49 g per day (this category also included most occasional drinkers with quantitative information on the average amount of alcohol consumed per day).
Abstainers and the various groups of drinkers were compared with respect to the distribution of biological markers of alcohol consumption (GGT, AST, ALT, uric acid, MCV), potential confounders (age, body mass index (BMI) = weighttkgj/heighttmj/, smoking, nationality and occupation) and the following baseline diagnoses which account for the majority of deaths among middle-aged men: cancer (ICD-9 140-208), diabetes mellitus (250), hypertension (40 I), and ischaemic heart disease (410-414).
Rates of all-cause mortality were calculated for each group of self-reported alcohol consumption. Relative mortality and 95% confidence intervals (CI), adjusted for age, nationality, smoking, BMI and occupation, were calculated using Cox's proportional hazards moder" with the software package SAS. 22 At the beginning, likelihood ratio tests were performed to test for two-factor interactions between alcohol consumption and each of the covariates. None of these interactions was statistically significant at a =0.05, and therefore no interaction terms were included in the final models in which age was entered as continuous variable, while nationality (categories: German, other), smoking (categories: never, former, current), BMI (categories: <25 kg/rn", 25.0 kg/m 2-29.9 kg/rrr',~30 kg/m 2 ) and occupation (categories: blue collar, white collar) were entered as categorical variables. Risk factors of allcause mortality that may be part of the causal pathway linking alcohol consumption and all-cause mortality, such as hypertension, were not included in the modelling.
All study participants with known follow-up status were included in the initial survival analyses. Additional survival analyses were carried out after exclusion of the first two years of follow-up or after exclusion of men with a diagnosis of cancer, diabetes, hypertension and ischaemic heart disease to assess potential biases due to inclusion of individuals with serious pre-existing diseases that are known to be associated with increased mortality.
RESULTS
Self-Reported Alcohol Consumption and Biological Markers
The numbers of men and the median levels of biological markers within groups of self-reported alcohol consumption are shown in Table 1 . Quantitative information on alcohol consumption was not recorded for 1354 men (16.8 %). Among men with recorded alcohol consumption (n = 6689), only 7.4% (n = 495) reported being abstainers, while 53.3% (n = 3563) reported alcohol consumption <50 g per day (or occasional consumption without further quantification). There was also a substantial proportion of men who reported heavy alcohol consumption of 50-99 g per day (26.4%) or even~IOO g per day (12.9%).
A monotonic positive dose-response relationship was observed with self-reported alcohol consumption (P-value of Spearman rank correlation coefficients <0.001) for all biological markers (with lowest levels among abstainers). The dose-response gradient was clearest for the median GGT levels. Intermediate levels of biological markers were observed among men for whom quantitative information on alcohol consumption had not been recorded. In this group, median levels of biological markers were similar to those among men who reported consuming 1-49 g of alcohol per day. Variation of observed values was wider, however, which suggests that this group includes a mix of men with various drinking habits.
Potential Confounders
The distribution of potential confounders of the association between self-reported alcohol consumption and all-cause mortality is shown in Table 2 . Abstainers were on average somewhat older (mean 43.8 years) than men who consumed 1-49 g of alcohol per day (41.1 years). No differences were seen in mean BMI between groups of alcohol consumption. Smoking prevalence was very high in all groups, and smoking and alcohol consumption were positively related (with lowest smoking prevalence among abstainers). A majority of more than 60% of abstainers were foreign workers (most of them of Turkish, Italian or Yugoslavian nationality) compared to about 20-25% foreign workers among drinkers. The vast majority of study participants were blue collar workers in all groups of alcohol consumption. Individuals with unknown alcohol consumption showed intermediate levels for most of the covariates, but smoking was more prevalent in this group (74.5%) than in any other group.
Pre-existing Diseases
Hypertension was by far the most common among the baseline medical diagnoses considered in this analysis (Table 3) . While this diagnosis was equally common among abstainers and among men who consumed 1--49 g of alcohol per day, there was a clear positive dose-response relationship between self-reported alcohol consumption and prevalence of hypertension among drinkers. No major differences between groups of alcohol consumption were seen for the other diagnoses, although diabetes mellitus appeared to be slightly more common among heavy drinkers than among other men.
Self-Reported Alcohol Consumption and All-Cause Mortality
The survival experience of the entire cohort is shown in Table 4 . Completeness of follow-up was above 95%
and very similar for all groups of self-reported alcohol consumption. A total of 172 deaths was observed during the follow-up period. The crude death rate was lowest among the reference group of men who consumed 1--49g of alcohol per day. Compared with this group, abstainers had an almost threefold mortality rate. At the same time, there was a strong positive doseresponse relationship with all-cause mortality among alcohol consumers. Adjustment for age, nationality, occupation, smoking and BMI in multivariate analysis reduced the relative mortality for heavy alcohol consumption to some extent, but did not materially alter the strong mortality gradient between abstainers and men who consumed 1--49g of alcohol per day, which results in an overall Ll-shaped relationship between alcohol consumption and all-cause mortality. Exclusion of the first 2 years of follow up (Table 5 ) led to higher values of the crude mortality rate in all groups of alcohol consumption. This most likely reflects primarily the shift toward older ages. Conversely, exclusion of individuals with a diagnosis of diabetes, ischaemic heart disease, hypertension or cancer at the baseline examination who have an increased mortality led to lower values of the observed crude death rates in all groups (Table 6 ). Neither of these exclusions, however, materially altered the clear U-shape of the relationship between self-reported alcohol consumption and all-cause mortality.
DISCUSSION
This cohort study of male employees in the German construction industry found a very strong U-shaped relation between alcohol consumption and all-cause mortality. In particular, an almost threefold mortality among teetotallers compared to men who consumed 1-49 g of alcohol per day was found along with a strong positive dose-response relation between alcohol intake and all-cause mortality among drinkers. It has been argued that the increased mortality among abstainers compared to moderate drinkers may result from a variety of biases, such as confounding or inclusion of a high proportion of heavy drinkers who deny their alcohol consumption or of individuals with pre-existing diseases in the former group.14,23 It appears extremely unlikely though that such biases would falsely generate gradients of mortality in the order of magnitude found in our study. On the contrary, our analysis of biological markers contradicts the suspicion of a large proportion of deniers among men who reported drinking no alcohol. Furthermore, additional analyses revealed that there were no relevant differences in biological markers between abstainers who did and abstainers who did not die during the follow-up. Although non-drinkers differed from drinkers with respect to several potential confounders including age, nationality and smoking, control for these confounders in multivariate analyses did not materially alter the striking mortality gradient between abstainers and men who consumed 1-49 g of alcohol per day. Moreover, the prevalence of diagnoses which account for the majority of deaths among middle-aged men was almost identical at baseline among abstainers and men who consumed 1-49 g of alcohol per day, and considerably lower in both groups than among heavy drinkers. Our analyses in which survival experience of all men during the first 2 years of follow-up or the entire survival experience of men with a diagnosis of cancer, diabetes, hypertension or ischaemic heart disease at baseline were excluded, provide further evidence against a significant role of bias due to pre-existing disease.
The most likely explanation for the lower mortality among drinkers of 1-49 g of alcohol per day than among abstainers therefore appears to be a protective effect of moderate alcohol consumption. While we did not have information on causes of death of study participants, previous research suggests that a substantial proportion of the difference in all-cause mortality between moderate drinkers and abstainers might be due to a reduction in coronary heart disease mortality. 24 Potential mechanisms include, among others, beneficial effects of alcohol consumption on HDL cholesterol, plasma fibrinogen and platelet aggregation.v''
The finding of a U-shaped relationship between alcohol consumption and mortality is consistent with results of most other prospective studies that have addressed this issue.l' In some of these studies, the finding of a higher mortality among abstainers than among moderate drinkers was confined to certain subgroups of the study population, such as men with cardiovascular diseases!" or non-smokers.P In our study, the V-shaped relationship was equally observed among men with and without pre-existing diseases, and there was no significant effect modification by smoking, but control for smoking (which was positively related to alcohol consumption) led to somewhat lower relative mortality for heavy drinkers. It should be noted, however, that the power of this study to detect eventual interactions between alcohol consumption and smoking was limited. Probably the most striking result of our study is the magnitude of the mortality gradient between nondrinkers and moderate drinkers which was larger than in most other studies. A possible explanation may be that moderate alcohol consumption might have a particularly strong effect among individuals with high levels of cardiovascular disease risk factors (like smoking), such as the construction workers assessed in our study, but this hypothesis requires further research. Additional factors that might contribute to the exceptionally high mortality gradient in our study include, among others, chance, since confidence intervals of relative mortality for abstainers compared to men who consumed 1-49 g of alcohol per day were wide (with a lower 95% confidence limit of 1.5). Unmeasured covariates, such as social isolation of abstainers, who were a small minority (7.4%) in our study population may also contribute. Additional important differences of our study from other pertinent investigations include the large amounts of alcohol consumed in the cohort and the type of beverages. Beer and spirits rather than wine are the main sources of alcohol in this population. Previous studies have shown inconsistent results on the role of beverage type for the magnitude of alcohol effects. 6 ,24,26-29 This issue requires further study.
As in most other pertinent studies, the validity of self-reported amount of alcohol consumption deserves careful discussion. Alcohol consumption is often reported imprecisely with a tendency towards underreporting, particularly among heavy drinkers. 10 -13 Our analysis of biological markers suggests, however, that the ranking of groups of individuals by self-reported alcohol consumption should be valid in our study, even if a general tendency to underreport alcohol consumption appears to be plausible. Another limitation which is shared with most other pertinent studies is that information on alcohol consumption and other risk factors was obtained at one point of time only. Changes in alcohol consumption over time most likely would have diluted true effects. Finally, selection bias may result from the fact that quantitative alcohol consumption was missing for about one-sixth of study participants, but the bias if any should be of limited magnitude, however, since individuals with missing quantitative information on alcohol consumption did not materially differ from the entire cohort with respect to average markers of alcohol consumption and mortality.
Therefore, despite its limitations, this study among employees in the German construction industry supports the evidence of a causal U-shaped relation between alcohol consumption and all-cause mortality. Given the health hazards of heavy alcohol consumption and addiction along with their social consequences.I" the promotion of alcohol consumption as a preventive measure appears to be obsolete. Probably the best way to deal with the current epidemiological evidence is to enforce prevention of heavy drinking and its adverse consequences, but not to promote abstinence among the large proportion of moderate drinkers.
